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A presentation of the Bellcomm analysis of the MSFC 

S-I1 Center LOX line test was made to the MSFC POGO Working 
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# BELLCOMM, INC. 

955 CENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B69 10118 

DATE: October 20, 1 9 6 9  

FROM: A. T .  Ackerman 

SUBJECT: Presen ta t ion  Made t o  t h e  S - I 1  POGO 
Working Group Meeting - Case 320 

MEMORANDUM FOR F I L E  

The w r i t e r  presented t h e  r e s u l t s  of t h e  B e l l c o m m  
a n a l y s i s  performed wi th  George R e i s *  of t h e  MSFC S-I1 Center  
Engine LOX l i n e  tes t  t o  t h e  POGO Working Group Meeting on 
October 1 6 ,  1969 a t  MSFC. W e  undertook t h i s  e f f o r t  t o  h e l p  
us understand previous ly  presented tes t  r e s u l t s .  

I n  o r d e r  t o  determine t h e  r e sonan t  frequency of  t h e  
S-I1 Center  Engine LOX l i n e ,  MSFC set  up t h e  t es t  f a c i l i t y  
shown i n  F igure  1. The f l i g h t  l i n e  is connected between t h e  
J-2 LOX pump and t h e  LOX tank sump. 
f i g u r a t i o n ,  i s  d r i v e n  by a gas gene ra to r  and f eeds  a " b o b t a i l "  
engine ( t h i s  con ta ins  a l l  t h e  i n l e t  plumbing b u t  t h e r e  i s  no 
combustion).  The LOX sump i s  a s imulated s e c t i o n  o f  t h e  f l i g h t  
conf igu ra t ion ;  t h e  LOX i s  suppl ied  from a f a c i l i t y  s t o r a g e  tank  
v i a  a f a c i l i t y  l i n e .  The f a c i l i t y  accumulator w a s  added i n  an 
a t t empt  t o  i so l a t e  t h e  s to rage  tank  and l i n e  from t h e  s imula ted  
sump. The p u l s e r  l i n e  is  an overboard b leed  which con ta ins  a 
v a r i a b l e  o r i f ice .  This v a r i a b l e  o r i f i c e  i s  a plug-type va lve  
which i s  s t roked  a t  t h e  s e l e c t e d  frequency by pneumatic actua-  
t i o n .  

The pump i s  of f l i g h t  con- 

The Bellcomm model of t h i s  t e s t  s e t u p  i s  shown i n  
F igu re  2.  The components are r e s i s t a n c e ,  i n e r t a n c e  and compii- 
ance; t h e  v a r i a b l e s  are p res su re  and flow. The d e f i n i t i o n  of 
t h e  t e r m s  i s  shown i n  t h e  f i g u r e .  

*G. R e i s ,  "Analysis of a T e s t  Method f o r  Measuring Reso- 
nan t  Frequencies of Loaded Hydraulic Feedl ines" ,  Case 320, 
Technical  Memorandum, t o  be i ssued .  
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W e  w i l l  now proceed t o  show how t h e  model can be used 
t o  examine t h e  e f f e c t s  of i n d i v i d u a l  f e a t u r e s  of  t h e  tes t  se tup .  
Consider f i r s t  on ly  t h e  l i n e  and i t s  t e rmina t ing  impedance. 
I f  t h e  p u l s e r  produced an o s c i l l a t o r y  flow which w a s  c o n s t a n t  
a s  a func t ion  of frequency, a t y p i c a l  response of t h e  pump i n l e t  
p r e s s u r e  would be as shown by t h e  s o l i d  curve o f  F igure  3 ;  

This  i s  t h e  t r u e  l i n e  response and t h e  desired ou tpu t  of t h e  
t es t  s e t u p  which, unfor tuna te ly ,  con ta ins  o t h e r  e f f e c t s .  Con- 
n e c t i n g  t h e  tes t  f a c i l i t y  t o  the  i n l e t  o f  t h e  t e s t  l i n e  i n t r o -  
duces some source  impedance ( taken as an i n e r t a n c e )  and t ends  
t o  reduce t h e  frequency of  the maximum response,  as shown by 
t h e  second curve of Figure 3 .  Fur the r  t h e  t e s t  f a c i l i t y  could 
n o t  main ta in  a cons t an t  pu l se  amplitude over  the frequency 
range tested, and t h i s  e f f e c t  f u r t h e r  reduces t h e  frequency of  
t h e  maximum response,  a s  shown by t h e  t h i r d  curve of F igure  3 .  

To account f o r  t h e  v a r i a t i o n  o f  p u l s e  amplitude,  t h e  
pump i n l e t  p r e s s u r e  P should be d iv ided  by p u l s e r  flow. Since 
t h i s  measurement w a s  n o t  a v a i l a b l e ,  MSFC used t h e  p u l s e r  p re s -  
s u r e  P (see Figure  2 )  as an i n d i c a t o r  o f  p u l s e r  flow. F igu re  4 

shows t h a t  Po has  a minimum which occurs  when t h e  impedance 
seen  looking  i n t o  t h e  l i n e  a t  P1 i s  equal  t o  and oppos i t e  t h e  
impedance of  Lb (see Figure 2). This minimum of Po a f f e c t s  
t h e  frequency of  t h e  maximum value  o f  t h e  r a t i o  P /Po. 

P 

0 

P 
Therefore ,  t h e  frequency o f  t h e  maximum amplitude 

of  t h e  P d a t a  i s  a f f e c t e d  by t h e  f a c i l i t y  source  i n e r t a n c e  
and p u l s e r  frequency response. On t h e  o t h e r  hand, t h e  f r e -  
quency of t h e  maximum amplitude of  t h e  P /Po r a t i o  i s  a f f e c t e d  
by t h e  coupled resonance of t h e  p u l s e r  l i n e  and t h e  tes t  l i n e .  
The MSFC tes t  s e t u p  parameters are such t h a t  t h e s e  s e v e r a l  
e f f e c t s  tend  t o  cance l  each o t h e r  and t h e  uncorrec ted  MSFC 

data  of  P /P are good measures of t h e  f l i g h t  l i n e  frequency. 

Even use of t h e  Rocketdyne dual  compliance pump impedance does 

n o t  g r e a t l y  a f fec t  t h e  answer. That i s ,  t h e  spread  i s  w i t h i n  

P 

P 

P O  
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- +5 percen t .  This  i s  a s i g n i f i c a n t  improvement o f  prev ious  
r e s u l t s ,  which spread over a factor  2 range. 

F igures  5 through 9 are a composite series of o u r  
computer r e s u l t s .  Curve 1 shows t h e  i s o l a t e d  f l i g h t  l i n e  
te rmina ted  i n  a s imple pump c a v i t a t i o n ;  t h i s  curve i s  used as 

t h e  r e f e r e n c e  t o  compare o ther  curves .  Curve 2 shows t h e  re- 
duc t ion  of  frequency by add i t ion  of  t h e  f a c i l i t y  i n l e t  i n e r t -  
ance. I n  o r d e r  t o  account fo r  t h e  e f f e c t  o f  pump flow, a s imple  
pump inpedance (made up of a series combination of i n e r t a n c e  
and r e s i s t a n c e )  w a s  used i n  p a r a l l e l  w i th  the pump c a v i t a t i o n ,  
and Curve 3 shows t h a t  t h i s  tends t o  raise t h e  frequency s o m e -  
what. The e f f e c t  of v a r i a b l e  p u l s e r  ampli tude,  Curve 4 ,  a g a i n  
lowers t h e  frequency. Forming t h e  r a t i o  P /P r a i s e s  t h e  i n d i -  
c a t e d  frequency Curve 5 and i s  ve ry  close t o  Curve 1. 

P O  

Rocketdyne performed o t h e r  tests on a d i f f e r e n t  f a c i -  
l i t y  and de r ived  a more complex engine  load  o r  pump impedance, 
F igu re  1 0 .  As seen i n  Figure 11, t h e  e f f e c t  of t h e  a d d i t i o n a l  
p a r t s  i s  s l i g h t ,  w i t h i n  1 Hz o r  5% of  t h e  r e fe rence  curve.  

Comparing ou r  computer r e s u l t s  t o  t h e  t e s t  d a t a ,  
F igu re  1 2 ,  w e  see t h a t  our  pump response P i s  narrower than  
t h e  tes t  d a t a  and t h i s  i s  f e l t  t o  be due t o  the  loss-less na- 
t u r e  o f  our  model. F u r t h e r ,  t h e r e  i s  poor agreement i n  t h e  l o w  
frequency reg ion  of t h e  pu l se r  p r e s s u r e  Po; t h i s  i s  n o t  an easy  
p a r t  of t h e  system t o  model because t h e  p u l s e r  i s  a c t u a l l y  a 
v a r i a b l e  o r i f i c e  and t h e  pu l se r  l i n e  may con ta in  some o t h e r  
s u b t l e  f e a t u r e s .  However, both t h e  computer and tes t  d a t a  
s h o w  a local  minimum o r  d i p  a t  20 Hz which is  n o t  t o o  obvious 
because the p u l s e r  amplitude is  f a l l i n g  o f f  with frequency. 
F igure  1 3  shows t h e  e x c e l l e n t  agreement between t h e  tes t  and 
the computer when t h e  r a t i o  P /Po i s  p l o t t e d .  

P 

P 
I f  phys i ca l  changes t o  l e n g t h s  of  l i n e s  and loca- 

t i o n s  of p r e s s u r e  measurements are made t o  t h e  MSFC test 
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f a c i l i t y ,  p u l s e r  p r e s s u r e  minima and maxima should be ascer- 
t a i n e d  t o  v e r i f y  t h a t  t h e  r a t i o  P /Po is s t i l l  r e p r e s e n t a t i v e  

P 
of t h e  l i n e  response.  

2031-ATA-a]] 

Attachments 

&@-- 
A .  T. Ackerman 
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